The purpose of this paper is to ascertain whether, and to what degree, increases in population levels affect economic indicators. The foundation of this study will be anchored through clear definitions of the significant economic variables, as well as an analysis regarding rising populations. The latter will be clarified by scrutinising the development of birth and mortality rates, longevity and net immigration. In order to conduct a study with a tangible benefit, data from leading global institutions, such as the United Nations, European Union, The World Bank and national government websites will be extracted, alongside publications from experts in the field of demography and population growth. These will provide a sound foundation for this paper, which will consider global scale implications of the forecasted population trends. As arguably the most powerful nation, America will be the subject of a more narrow examination.
The concept behind this publication and the necessity for a more precise report is the excessive ambiguity in today's news relating to the economic climate, including the road to regaining prosperity. In fact, it is the author's vehement belief that the impact of population size is grossly underestimated when forecasting future economic scenarios. Furthermore, it is a topic which is neglected due to its potential offence towards the freedom of reproductive choice. Nevertheless, this controversial topic must be confronted at some stage, as natural resources and their replenishment can only support a finite number of humans. This paper will not only investigate population growth and its implications, but will also turn its attention towards the inverted pyramid demographic structure, discussing its relevance and proposing a modern revision of the diagram. Applying current population trends to an updated demographic structure will then facilitate a suitable medium to long term population prognosis. The author believes this is relevant because modern medical research, nutrition and family planning have improved to such a degree that population pyramids need to be updated accordingly.
The first and the predominant hypothesis of this paper is that rising populations act as a quasi-independent variable which have a significant impact on economic variables. In particular, financial factors such as inflation (through supply push and demand pull theories), pension funds, national debt, interest rates, raw material prices (including basic necessities such as land and water), energy prices, government fiscal policy (including budget breakdowns), unemployment levels, boom/bust cycles and aggregate demand will be considered as dependent variables which are either directly or indirectly affected by rising populations. A statistical analysis will be conducted to ascertain the correlations between population growth and these variables.
In addition, the aim of this paper is to bring to light the ramifications on social and environmental elements. Whilst this paper focuses predominantly on economic factors, a supplementary section will be included to demonstrate possible developments should the trend of accelerating population growth proceed. Although the author cannot deny that future soci- al and environmental problems could be alleviated through technological progress, the impact of humanity today can be mathematically quantified and extrapolated. In turn, if such technology were available in the future to combat our deteriorating environment, we would be able to quantify the level of damage that has been caused per year and therefore understand the measures needed to reverse any harm.
Introduction: Why is the topic of Population so important?
In 1798, Thomas Malthus published a paper titled 'An Essay on the Principle of Population'. This paper is considered the first contemplation of any individual regarding the growth of the human population on a planet of finite resources.
"Assuming then my postulata (i.e. that food is necessary to the existence of man and that the 'passion' between the sexes will remain in its present state) as granted, I say, that the power of population is indefinitely greater than the power in the Earth to produce subsistence for men."
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The notion he portrays seems perfectly logical -humans will at some point need to curb population growth in the face of a fixed resource base or face starvation. The second and more important insight that Malthus gives is his assumption of population growth as a geometrical function. Simply put, the more people there are, the greater the potential for higher growth, and indeed this is a particularly impressive notion in 1798, as his prediction is very close to how the last 200 years have unfolded. Nevertheless, Malthus probably assumed that the problem of population growth would have had a more short term implication, due to his inability to foresee the industrial age and its impact on agricultural yields. Indeed, he did assume that by today the ratio between population and agricultural yield growth would have risen to a 512:10, (assuming agricultural growth to be an arithmetically growing function) 2 which turned out to be wide of the mark. In fact, it was impossible at the time to assume the rapid implementation of the intensive farming measures that alleviated any potential food shortage, and therefore his ideas 1 Thomas Malthus, "An Essay on Population 1798", p. 4.
2 Thomas Malthus, "An Essay on Population 1798", p. 8.
were quickly marginalised.
3 Nonetheless, the growth of the human population over the last century has been so relentless that it probably would have taken even Malthus by surprise. During the twentieth century, the successful techniques and accomplishments in the fields of medicine, sanitation and education have allowed humans to steadily increase their life spans and prevent infant and mother mortality. Furthermore, individuals in the western world also have access to the better food and technology, which can prolong the number of years available for people to procreate.
Today's media often concerns itself with the socioeconomic symptoms of overpopulation, rather than the root cause of it. We consider unemployment and population growth in real terms rather than nominal ones, which would only be considered equal in a market when the net government contribution in unemployment benefits equals the proportional sum of the taxes paid by employed citizens which went to the aforementioned people. If this were the case, nominal and real values would incorporate little unmentioned information. However, as proven by North (2013) , this is far from the case, and in fact the government is required to assume the extra economic burden per unemployed person of roughly $7,000 per year. As a result, unemployment figures which are traditionally covered in real terms (and vary only on small scales) hide the added strain on governments over time as population size rises. The need for increased coverage in this topic would therefore tackle the inherent problems of rising demands required to cover the basic needs of a growing population, under the constraint of the planet's finite resources. It would also open up the debate for social security reform and the actual performance of job creation measures. A prognosis for future government expenditure on a multitude of areas, including health care, education and social security, should also evaluate the actual number of people covered, rather than the real value.
So how can we measure the true impact of population growth when there are so many intertwined variables? It is in fact a very difficult task, though it is possible to measure trends and observe how well correlated such trends are to population size. One
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example of this, as mentioned above, is the increase in government expenditure on education compared with the population growth of those who are recipients of the educational system. My intuition is that the latter is rising proportionally faster than the former. An expansion of this would also analyse the trend of government pension expenditure in contrast with the number of people who have exceeded the national retirement age.
Returning to the chapter question, the quantitative analysis of population growth, though important, has nothing to say when considering the social cost of an area with high levels of unemployment, which is inherently tied to antisocial behaviour, higher levels of crime, and degradation of both urban and rural areas. To summarise, population growth formerly created traditional concerns on food and land allocation, which have now stretched to consequences on unemployment levels and national economic health, as well as quality of life indicators through education and pension expenditures.
A Consideration of Historical and Current Population Size
The importance of population as a topic becomes more profound as our numbers reach critical levels and the rate of population growth rises to the point where sustainability becomes an issue. The diagram below depicts the dramatic population rise since Malthus made his predictions over two centuries ago, and clearly shows the acceleration of the last 50 years. Considering that the previous generation had a global population of under a quarter of what it is today and the change in living conditions at that time, the significance of this growth cannot be underestimated.
Figure 1 below shows a world population representation together with a future prognosis of population size. Table 1 shows the current population of the world's most dominant countries, as well as a net yearly population change which includes current migration trends. All of this data was retrieved from the US Central Intelligence Agency (CIA) website and a net yearly population change per 1000 people was calculated to demonstrate where population increases are most likely. Both seem to indicate a continual rise in population growth, although the figure 1 implies a slowdown in growth and peak of population size by the second half of the 21 st century.
When examining the statistics further, a few alarming notions arise which suggest that the prognoses are completely counterintuitive. The U.S Census Bureau International Data Base information echoes the United Nations excerpt above with its own assumption of a 'great deceleration' in population growth. In fact, it forecasts world population growth between 2049 and 2050 to increase by 43.169.270 people. This level is roughly on par with the nominal rise in population in 1951, when the population was under 25% of the 2049 forecast. The question which arises is simple; "assuming a century of continuous improvements in the field of medicine, is it at all likely that a population of 9 billion would have the same number of children as one of just over 2 billion?" Obviously not! To be fair, demographics also plays a role in this scenario, however the author finds it highly unlikely that the average age of the population would have risen to such an extreme that the majority of the population would have passed child bearing ages. Similarly, the prediction of growth deceleration by over 50% in the next 20 years, as forecast by the same U.S Census Bureau report, seems more a hopeful prediction rather than a realistic observation. 4 So what is the basis for this prediction? The reasoning for the projection of a deceleration in population growth was clarified by the 'United Nations Population Division, Population Estimates and Projection Department' press release on 13 th June, 2012, citing the following:: 4 "GIVE OR TAKE A BILLION -Most results presented are based on the UN's medium variant projection, which assumes a substantial reduction in the fertility levels of intermediate -and highfertility countries in the coming years. For these countries, it is assumed that the pace of future fertility decline will be similar to that observed for other countries, mostly in Asia or Latin America, when they underwent similar declines during the second half of the 20 th century".
5
This logic seems to be severely flawed for 2 major reasons. Firstly, it fails to understand the large impact of the Chinese one child policy which was implemented in 1979 in response to a famine at the time (apparently offsetting 400 million people today), as well as the pressure by the Indian government in 1977 to cut birth rates by offering cash incentives for sterilisation procedures (up to 8 million were performed). The latter practice is still offered today, especially in the high population growth region of Rajasthan, where cars and TV sets are also offered for 'sterilisation volunteers".
6
These two countries represent a large majority of the sample group being analysed by the UN report, therefore resulting in an underestimation of overall population growth. Secondly, the area in question was subject to the 2 largest war casualties since 1950, namely the Vietnam War (1965 War ( -1975 and the Chinese Cultural Revolution (1967) (1968) (1969) (1970) (1971) (1972) (1973) (1974) (1975) (1976) , each of which claimed more than 2 million lives.To use this region during a time of great unrest with large casualties as a proxy for extrapolation for future population growth is no less than fallacious.
As a retort to this prognosis, this paper has determined it's own future population estimate, derived solely from extrapolation and the logic that 'the more people there are, the faster population levels can rise'. If the yearly average rate of growth is taken from 1950-2013 and then extrapolated, we can observe the predicted population, given a historical growth rate, and quantify the difference between this result and the UN and U.S predictions. This is displayed in Figure 2 , and shows an estimated population of just under 13 billion (12, 934, 192, 764) in 2050 if historical mean population growth continues, compared to the UN's prognosis of around 9 billion.
The mean estimate extrapolates additional growth increases due to more people on the planet, and therefore cannot even be thought of as an overestimate. Instead, it seems a more plausible forecast than one which anticipates an incredible decline in growth rates without any form of world famine, war or natural catastrophe. To conclude this point, the United Nations estimates may be completely erroneous and in fact the population may continue at increasing rates. We are currently at the steepest acceleration of our population, with an average of 2 people added to this world each second (4 children are born and 2 people die per second), 200.000 a day, or 80 million a year. 7 By 2050, the population is expected to grow by 2.3 billion, according to the UN's conservative figures, which represents the current population of Europe, Africa, North and South America combined.
8 A significant slowdown is therefore difficult to foresee. The obvious longer term implication of population growth is sustainability. John Porrit, Chair of the United Kingdom Sustainable Development Commission, was interviewed in March 2014 as saying "I find it staggering that it (population) is still downgraded as an issue. There is a sense that it is somehow politically incorrect to talk about population. Ignoring population strikes me as the biggest own goal that the environmental movement has ever scored." 9 Alan Weisman, author of the book Countdown, discussed the topic of population growth on live television, citing the use of nitrogen fertiliser as the reason our population has been able to expand to current levels and the environmental damage which has now been observed from it: "Now we pull nitrogen fertiliser chemically out of the sky using fossil fuels and slather it all over the ground. When we started doing that commercially there were 2 billion of us. Without nitrogen fertiliser, 40% of us wouldn't be here. Now that we know that nitrogen fertiliser has its downsides; it's screwing up the oceans, our waterways and it's sterilising soils, and all these crops are being force fed with chemistry. If we weren't doing that, I'd say 2 billion (people) ight be the optimum." As a result of the problems cited by these two sources, population is an essential topic today and will be discussed in the proceeding chapters.
General Implications of Population Rise
Now that the degree of world population growth has been analysed, this paper will concentrate on the implications of such a rise. The most high profile critic of human overpopulation is Sir David Attenborough, a reporter for numerous nature documentaries and member of an organisation called the 'Optimum Population Trust'. Although currently in a minority, Sir David has gone on the record to state that 'population figures were frightening', 11 even calling human pulation growth 'a plague on the planet and a detriment to the environment'.
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David Attenborough cites 3 major environmental aspects in his recent population documentary which population growth has affected: Water, Land and Energy. All of these are scarce resources which can also be quantified economically -Land through 11 BBC News Website, http://news.bbc.co.uk/1/hi/7996230 12 Metro Newspaper, http://metro.co.uk/2013/01/22/sir-davidattenborough-human-beings-have-become-a-plague-on-theearth-3361381 house and food prices, water through water prices, and energy through costs of electricity and heating. All of these have risen perpetually, however it is rash to solely link price rises (especially energy) with population growth, due to the impact of other variables such as inflation, accessibility, transport etc. Nevertheless, we can consider a logical economic trend by noticing that all of the resources mentioned are basic human requirements in scarcity. Simple economics would hence dictate that rising populations would push the prices of finite resources sequentially higher (Figure 3) , especially those resources which are essential for life. The first four months of 2014 have shown a 17% r rise in S&P GSCI agricultural and livestocks index, primarily caused by climate change.
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Despite this, the author does not believe that price hikes are a likely outcome in the very near future.
The increases in such prices will be gradual and medium term rather than sudden sharp price shocks.
The fact though remains that although humans are currently living beyond the ability of the planet to This seems to suggest a continuous trend and effect of scarce resource consumption. A further look at this effect will be covered in a latter chapter of this publication.
In a world where 1.2 billion children live in poverty (45% of the worlds children) 17 , where only 1% of the worlds water is fresh, drinkable and actually available to us, 18 and where over half of that is in catastrophic decline or overuse, parameters such as population must be considered. United Nations secretary general Ban Ki-Moon described the world in 2011 as one of 'contradiction', with "luxury and extreme poverty". 19 Unfortunately, current issues are only likely to become exacerbated with an increasing population, and indeed we are already anticipating the consequences of being so reproductively successful -in 2007 25% of world fish stocks were overexploited The five most forested countries (The Russian Federation, Brazil, Canada, the United States of America and China) account for more than half of the total forest area (53%).
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Given the well documented deforestation in Brazil, this is quite a worrying statistic. A summary of population growth implications are therefore listed as follows:
1) As population levels rise, resources will become scarcer, and their allocation will become more unequal. Prices of resources which are considered 'basic' will also rise, due to the exhaustion of resources such as arable land, fresh water and nonrenewable energy.
2) House prices, though susceptible to economic boom/bust cycles, will continue to rise in the long run.
3) The availability of most forms of food will become scarcer and therefore more costly due to our current overconsumption.
Economic Implications of Population Rise
Economic implications are harder to predetermine, as many variables contribute in tandem to influence economic indicators. Nevertheless, in addition to the more easily explained connections between population growth and traditional economic variables, this paper will perform a more complicated analysis on government budget implications, which the author The structure of this paper will proceed as follows. The next chapter will consider the demographic structure of countries and attempt a review of the inverted pyramid (figure 11) to a more modern approach. This area is relevant when forecasting government budgets, pension expenditures and future tax levels. The theory described by North in his 2013 publication 'Financial Crisis Forecasting -Causes, Effects and Systemic Factors Influencing Financial Crises' will also be used as a basis for economic forecasting.
Once the major economic parameters have been covered, the paper will return to a quantitative approach regarding the more general variables described in subsection 1.2, in particular food and water prices, which are heavily influenced by population growth. This will conceivably shed a more arithmetic approach to an otherwise conjectured issue. The addendum attached to this paper will express the authors' opinion towards the social ramifications of overpopulation.
Demographics with a 21 st Century Consideration
The study of demographics examines population composition and quantifies various subsets, whether it refers to age groups, gender, race, ethnicity, languages etc. Data derived from demographics is especially vital for governments when discussing issues such as workforce allocation, net migration, pension funds and unemployment percentages, and are often hot topics in national and general elections.
Demographic changes are affected by health, education, availability of medicine, country specific life expectancy, economic prosperity, availability of contraception, religion, socio cultural norms and net migration. Trends of each of these variables in turn dictate policy aimed at continuous improvement of these variables.
One of the most widely used depictions of population structures is the population pyramid, which breaks down the population into subsets of age and compares them with one another. The result of this is the capacity to understand whether a country's population structure is ageing too fast or too slow, and if there is a lack or abundance of young people.
As a result of the vast differentials in wealth, education levels and infrastructure, population structures of developing countries vary enormously from those of the western world. Developing countries are assumed to have populations with greater concentrations of younger and middle aged people, whereas western countries have the symptoms of ageing populations, such that larger proportions of citizens are middle aged or reaching retirement. There are downsides to both of these scenarios -in developing countries the average lifespan is lower, due to restrictions in medical care, access to the necessities of life and lack of reproductive education. Child mortality rates are also higher, and consequently families have more children to ensure that some reach maturity. By contrast, developed countries are becoming increasingly dependent on immigration to cover the tax burden of their ageing populations.
A lack of education results in people leaving school and marrying earlier, which increases the likelihood that women have children (and more of them) at much younger ages. Alternatively, an ageing population symbolises one which has a lack of young people in the workforce. The latter is particularly troublesome for pension funds, which rely on the premise that new workers contribute taxes to support retirees. This will be discussed further in the implications of economic variables section. In addition, when new skilled labour is lacking in western societies, it creates a gap which is filled by immigration. Whilst this is perfectly acceptable and common in western societies today, it does create a brain drain in lesser developed countries, which stunts their progression.
The figures below demonstrate the difference today in demographics between developed and developing countries, and are designed to give an insight into the development of some of the world's most powerful countries. When observing these diagrams, a clear distinction between the population structure of developing and developed countries is demonstrated. What most people neglect to mention in these diagrams is the different scales of the x-axis which are used. Naturally, regardless of the age breakdown, larger populations would exacerbate the margins between each given age group. Take for example the last two diagrams of South Africa and Brazil -it seems that the base of the Brazil diagram (people aged 0-24) is much wider than South Africa's, and nominally this is true. However, if we analyse the x axes, we notice that Brazil's scale is 3 times greater than South Africa's.
For the purpose of clarity, a scaled representation of the population structure is demonstrated below (Figure 12). This is achieved by taking a proportional approach and scaling the South African population upward, such that it is equal to Brazil's. The result of this shows that despite what is implied by comparing the population structures, the reality of a scaled population structure is actually very different. South Africa's population, though distinctly smaller, has a proportionally younger average age, which is vital when forecasting future development. To avoid this misinterpretation the author proposes that population structures should be depicted in terms of the proportions of the whole population, rather than nominally.
The second proposed alteration arises when we consider the changes in society which have occurred throughout the last half century and following the adoption of demographic diagrams. In essence, this diagram has remained the predominant method of displaying population structures. Although age group divides may change, essential information regarding their interpretations are somewhat misleading, and the implications of population changes should also be made more apparent. For example, the longevity, birth rates and retirement ages should be incorporated into such diagrams. To clarify, there is no justification for encouragingly commenting on a country's future prosperity (through its youthful population) when child mortality rates are high.
When considering the case of India, the difference between the age groups is apparent. The crucial information which should not be neglected is the development of Indian citizens' health, as it will determine the country's future prosperity. It is all too often that we look at India's population structure from a western perspective with admiration; however we must remember that this is the first generation in India which has the prospect of western style development. Furthermore, their health care systems may differ significantly from what Europeans and Americans consider the norm. As a result, there are negative aspects which must be considered. Is India's life expectancy much lower by European comparison, and if so, is it due to poor sanitation, disease, or the quality of healthcare and life? Is the birth rate likely to continue at current levels, or will it trail off? If it does indeed fall, as it is predicted to, will it cause similar or greater future problems than what Europe is experiencing now?
Moreover, the evidence suggests that countries with high birth rates are those which have the least female rights -so is it really worth celebrating India's future with respect to education levels? In every case, the empowerment of women, i.e. by giving women the ability to be educated and make their own marital and reproductive choices, has resulted in a large fall in birth rates.
25 This is known as the demographic transition theory, and is often cited as the best method of creating a sustainable population as a country transitions from 'developing' to 'developed'.
The United Nations population fund 'State of the World' annual report highlights the above point, citing that despite the visible benefits today from improved female education, there is still much to be achieved.
26 Whilst this is obviously beneficial for a country such as India, it may have catastrophic side effects if we fast forward to 2050 without a large decline in population growth. Considering a scenario in India where birth rates fall, a large proportion of the current 1.27 billion 27 people will require funding for pensions, health care and other living necessities. As a result, it is an absolute necessity that not only should the current population structure be included, but the future prognosis of the next generation should be considered. By doing this, governments can better plan future economic states.
Thirdly, there is one important yet basic characteristic which links future population growth with population structures which has not been given much consideration. The author would like to highlight the factor of population density, which reflects the current number of people occupying a given landmass and the amount of land available to accommodate future growth. When considering the United Kingdom (around 70 million) and the United States (314 million) demographics, we see that despite its large (population) size, America has a far lower population density than England. In comparison with India, which has quadruple the number of people as America, population density plays an important role in determining the standard of living.
ve to the size of the country and population density?
As of yet this is not the case, and we have become a relentlessly growing population that increasingly pressurises finite land and water resources. It could be the case that future population growth is simply not possible due to exhausted space. Consequently, the author proposes the amendment that population density should also be incorporated into the population structure diagram.
When analysing the most densely populated urban areas, it is noticeable that the majority of the top 10 cities are from Asia, and include cities with high population growth rates. They are displayed in order below:
Demographics and forecasting are linked through potential population growth, as well as the opportunities and restrictions which will be present for future generations. The future challenges will be new and restrictions on population size are something humans have never experienced before. As a result there is a need for the sustainable planning of growing populations given size and environmental constraints. For example, a potential maximum population size must be addressed at some point in the future, whether globally or country specific. The underlying questions we pose when looking at population structures today should be as follows: 1) What is the age distribution implying? 2) Can we make a prognosis for the short/medium/ long term? 3) What is the average lifespan of this population, so that a future prognosis can be made? 4) What is the distribution of males/females? 5) Can this trend continue with respect to the worlds resources?
6) What are the economic and social implications of this structure? 7) Are these trends sustainable?
In the current population structure diagrams, we lack the ability to answer the majority of these questions accurately. As a result, the author has made several alterations which provide a better graphical representation of a country's current population, the future population, and in particular how the population structure will look in 50 years ( Figure 13 ).
Firstly, each age group for males and females are displayed in percentages rather than real numbers. The reason for this is that nominal population size is of no relevance without the land size variable, as it is impossible to demonstrate whether the specific country is overpopulated or not. As proved with the diagrams of South Africa and Brazil above, it is also misleading to use 'real' figures, because the overall distribution appears different. To compensate for this, a population density is included in the diagram. Whilst further research is required to determine what an optimal population density is, once it is ascertained we can observe very clearly if a country is likely to be overor under-populated in the coming decades. Similarly, it is worth mentioning that the population density of the Earth is just over 50 people/ sq. km (for land mass excluding Antarctica) 29 . In order to answer questions 1, 2 and 3, we need more information concerning the average lifespan. It is again erroneous not to include an average lifespan in demographic structures and use a one-size-fits-all approach, particularly if we are comparing the demographics of a developing country with those of a developed one. Consequently, a green horizontal line showing the average lifespan is included. The purple line is termed the mortality prognosis line, and is set for simplicity at roughly 50 years below the average lifespan line. The concept of adding this line is to show a current and 50 year population pyramid by showing where the base will be in the next half century. A prognosis of the birth rate can then add a forecasted base of the future diagram. The mortality prognosis line can of course be set at a shorter or longer term, but 50 years seems a prudent figure when we consider future demographic structures.
Through this depiction, we can predict what proportion of the population will have died in the next 50 years (in the case below, 27.74% of males and 25.14% of females). The next step which is required is to analyse the birth rates to forecast a new base of the 2040/2050/2060 population structure. By incorporating this additional information, we obtain a much larger overview of current and future scenarios.
Whilst the proposed amendments shed more light to the importance of demographics, further changes can be made to highlight specific economic variables. These have been omitted in the diagram above to avoid excessive complexity, but are explained here.
-If an in depth look at pension funds is required, a horizontal average retirement age can be added. In effect, it will ascertain the percentage of the population which would be eligible for pension entitlements against the percentage of people who are currently employed in the workforce.
-Supposing a country wishes to research net migration levels, the horizontal bars representing age groups could be broken down by country of origin or ethnicity. This could be especially useful when comparing the effects of net migration on jobs and unemployment, social security, pension contributions, housing prices, consumer demand etc.
-Additionally, an area which is often discussed but rarely analysed is the increase in reproductive ages through medicine and certain medical procedures. Therefore when we contemplate the next generation and incorporate birth rates, we can assess the proportion of the population (through the area in the population structure) which are able to procreate. Naturally, if this area widens (i.e. people can have children at later ages), how will this affect our future population structure?
-Similar to the previous point, we observe two factors working against one another to determine birth rates: namely the Demographic -Economic paradox and the ability to have children at older ages. The Demographic -Economic paradox states that as a country becomes more developed and prosperous, the birth rate falls. This is the main reason for the United Nations forecast of a global population levelling out at around 11 billion people, and, although debatable (as mentioned before in the critique), it is occurring in Japan. Indeed, the population forecast of Japan is expected to decline within the next few generations to just under 90 million people.
These hypotheses have touched upon the transition from demographic structures to economic variables, which will be explored in chapter 3. The subsequent chapter will statistically explore the correlations between growing populations with the prime economic variables. Furthermore, they will provide evidence to expound the questions 5, 6 and 7 mentioned above, and draw conclusions regarding the expectations of our future economy given the expected assumption of continued population growth.
The Merger of Demographics with Macro Economic Facets
This paper will now turn its attention away from the scenarios and predictions of demographics and concentrate on its links with economic variables. The last bullet point above allows for a smooth transition from exclusively concentrating on demography to the basic relationships between population structures and economic development. There are, however, many unmentioned aspects which perhaps oversimplify the conclusion of the Demographic -Economic paradox.
a) Does population size affect economic development? b) Does economic development affect population size? c) Is/Are there one or many external variables which have an effect on both?
Considering Japan as an example -the cost of living is reasonably high and the land available is particularly scarce. Japan has been locked in a period of economic stagnation for many years and has some cultural traits toward collectivism as opposed to individualism. 30 Its population growth and economic development have therefore been impeded by its current population size reaching a density maximum. The fact that Japan seems to be the fastest population in decline and one with stubbornly stagnant economic development may be explicitly due to the restriction on available land for development. A generalised overview of the interrelationship between economic development and population size, including sub-variables, has been included figure 14.
A generalised overview of the interrelationship between economic development and population size, including sub-variables, has been included figure 14.
A more generalised response to the 3 questions posed above is presented by the author below.
Regarding a), population size definitively affects economic development, in fact it is a prerequisite of it. The larger the population, the larger the potential productive capacity of a country, so there is a noticeable positive correlation. The statistical relationship between the two is quantified in the next chapter.
Considering b), in some capacity it can be observed that economic development affects population size, both positively and negatively. The more economically developed a country is (and assuming the wealth is distributed at least partially to the local population), the more people are able to afford the health care and other resources, reducing child and mother mortality rates. The corollary of this argument is the demographic -economic paradox which states that birth rates will fall as economic development increases, due to improvements in education and the ability to accrue greater wealth. In this sense, people will "put off " having children until later, thus reducing the number of children they can have during their lives.
Concerning c), it is the authors' firm belief that mixtures of the 4 variables mentioned in the diagram above have a profound influence on both economic development and population size. In particular, the size of land available provides additional resources in the form of raw materials, as well as space for the development of housing, infrastructure and manufacturing. These in turn provide the goods and services which increase economic development.
Before the statistical analysis commences, the author would like to draw upon his previous publication of financial crisis forecasting and recall the following equation hypothesised: We can see the basic economic problem described on the left hand side of the equation; a finite supply of resources divided between infinite wants and needs. As population size increases, demand and the population strain on resources rises. Economic development is often symbolised by GDP growth, which is also included in the equation. This being the case, the influence of population size and growth on economic variables is unavoidable.
Government Budget Constraints of Growing Populations
This subsection aims to ascertain a common link between population growth and the burden on the government in the form of budget expenditure. In order to properly examine this trend, the budget expenditures of the category termed by the White House as 'human resources' are considered. These include social security, income security, medicare, war veteran and education outlays.
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The assertion that population growth exacerbates economic problems has been postulated by this paper with several avenues of deliberation and theory. The following analysis wishes to highlight the changes in government expenditure over the last half century, especially those expenses which population growth plays a role in. Firstly, America has often contemplated a future pension crisis caused by underfunded pension funds. Naturally, the more people there are, the greater the strain on pension funds in nominal terms. Likewise, the same logic applies when considering unemployment. Therefore as population levels rise, we can expect some form of correlation through an increased allocation of the budget towards social and income security expenditures.
The most common rhetoric between democrats and republicans is the excesses in defence spending. However, upon investigation it is noticeable that defence has declined remarkably as a percentage of the overall budget allocation over the last 50 years. Previously, defence expenditure accounted for roughly 60% of the overall budget. By comparison, 2017 forecasts predict this figure to be 13.9%. So what expenditures are increasing to offset the proportional reduction in defence spending?
In fact, 70.4% of today's budget is set aside for 'human resources', of which income security and social security account for the largest proportions. The There are several interesting conclusions which can be drawn from this chart. The most prominent trend is that medicare, income security and social security have all been allocated a greater portion of the total budget over time. Of these, income security's share has increased by half (from roughly 10% to 15%), whilst social security expenditures relative to the total budget percentage have increased over five-fold. Medicare, which was only introduced in 1966, is now assigned approximately 15% of the budget, and has grown at significant pace.
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Despite this, there are continuous concerns portrayed by both the media and parliament regarding deficits in pension funds, unemployment benefits and the quality of healthcare in America. By contrast, it is also worth mentioning that expenditure on education has remained at a steady proportion of the total budget over time. It would appear that a trend is developing over time, such that the category of human resources are being split into necessity and luxury expenditures. Necessary expenditures are those which the public has the highest demand for, i.e. a certain level of health care, unemployment benefits to cover the basic cost of living, veterans benefits and state pensions. Without any of these expenditures, the poverty rate and health of the population would deteriorate -and the problem is that these expenditures are continuing to rise. Correspondingly, although high levels of expenditure on education are desirable, it is unfortunately not an absolute necessity good, and the majority of proportional budget increases have been allocated to more pressing needs. Population levels are incorporated into this through a simple correlation between the number of people and the proportion of the budget allocated to human resources.
Upon closer inspection, the correlation between the two variable in the table above is 0.95, a very high indicator that a growing number of people directly influences the growth of human resource outlays, and puts an added strain onto the overall budget. To accommodate such increasing needs, optional/luxury expenditures are foregone or have remained at stagnant proportions, which include education, energy expenditures, natural resource and the environment outlays, community and regional development costs and science funding.
In terms of a future prognosis, the White House Office of Management and Budget have forecasted increasing expenditures in Human resources together ( Figure 17 ) and a reduction in defence spending which is offset by increases in Interest expenditures. Outlays into the so-called luxury expenditures remain steady, however the underlying concept is the need for social security and income security reform to free up the capital required for education and science projects.
Social security costs are increasing due to labour excesses in unskilled markets and a lack of highly skilled individuals for specialised jobs. In such markets, mechanisation will continue to obsolete service sector jobs as they become automated, raising the number of people requiring unemployment benefits. In addition, as populations grow and retirement ages rise, so does the number of people in the workforce.
In effect, supply of labour is increasing and demand is subdued. As a result, the forecast of increasing expenditures in 'human resources' is perfectly understandable.
The implications of this are quite worrying. A significant reform of human resource costs in required without reducing contributions to the most vulnerable in society. One of these reforms is the increase in retirement ages, which lowers the number of people who are entitled to pension support, thus reducing costs. Additionally, individuals earning above a certain income bracket (e.g. $65.000) per year after retirement could be made exempt from state pension contributions, which focusses pension payments towards those in greater need. Taxes could also rise to allow the budget to increase spending in other needed areas, however this would not avoid the rise of human resource costs.
If such reforms do not occur, the bottom line is that long term human resource costs are driving governments towards bankruptcy. As seen in Greece, government bankruptcy causes bond ratings to drop, interest rates to rise and liquidity issues to occur. The extreme alternative of reducing such pension and unemployment contributions for the sake of government solvency is also detrimental to the welfare of society, as poverty levels will rise significantly. These long term implications necessitate reform or redevelopment in the structure of our human resource expenditure today.
Statistical Analysis of Population Correlations
The majority of the discussions and working papers regarding the effects of population growth tend to be those of assumptions and theory without statistical findings. It is often the case that social parameters, rather than economic ones, are discussed within this context. This paper therefore attempts to offer its own hypotheses and use both theory and correlation coefficients to provide a basis for its arguments.
The first issue is to narrow the geographical area to a certain degree, so that a high number of reliable observations exist. In essence, there is no value in analysing the effect of population growth on GDP in a middle eastern country (e.g. Iraq) between 2000 -2013, as the external shock of war has severely impacted both population size and economic growth. Nor can single european countries be analysed on a case by case basis, as their inclusion into the European Union has changed the course of population size (through net immigration) and economic growth (through the entry into a new european market with access to large investments). As a result, the most prudent action would be to use the United States for the purpose of this analysis, which has had no large population shocks or external economic shocks. In addition, the economic and population data has been accurately recorded since 1960 by government institutions. This provides a large enough sample to observe the long term correlations.
To emphasise the fallacy of equating observations made in America against those in Germany and Italy, we first have to look at the structure of the European Union. The free movement of goods, services and labour in a market with a single currency simply cannot be compared to one which is completely autonomous. Furthermore, the value of the Euro is an average, such that it is undervalued for the more developed countries and overvalued for weaker economies. Naturally, this has an extreme impact on the balance of payments for all participating countries. Furthermore, despite the fact that the EU increases trade within its borders, restrictions exist which may hinder foreign goods and services entering european markets. Since Greece's inception into the European Union, German imports to Greece have risen sharply whilst exports remained constant. This imbalance is one of the major reasons for Greece's bankruptcy.
In terms of national debt within the European Union, both domestic and european bonds markets exist currently, although the latter is starting to dominate and the setup is increasingly acting like a single market. Following the financial crisis of 2008 and the sovereign debt crisis which followed, the IMF and european countries agreed to bail out Greece from its immediate debt obligations, which demonstrates the unity in european bond markets.
Given the presumption that growing populations increase the strain on the planet's finite resources, the effects should be observable in economic indicators.
One of the most obvious of these is through the price of consumer goods. The more people there are, the higher the demand for goods and services produced (demand-push inflation). However, the evident increase in prices is not solely due to population growth, consequently external factors may contribute to draw false conclusions.
Likewise, money supply growth is in turn a response to a number of external factors, such as regulation, interest rates and the monetary base. It is the monetary base which is the most important of these, which represents the asset side of commercial banks balance sheets. By comparison, the money supply increase would be denoted by the liabilities side of the balance sheets.
Monetary Base Analysis and the Inequality of Wealth
To clarify the introduction to this chapter, it is the authors recommendation to analyse the relationship between the monetary base and population growth, as this will circumvent the influence of external variables on the money supply.
Anticipating a positive linear relationship between these two variables, the first hypothesis states that as population levels increase, the monetary base will also rise. This report went viral in 2013, and questions concerning inequality were posed to President Obama a week after its publication. The president replied that globalisation and technology were obsoleting jobs on the lower end of the spectrum, thereby concentrating wealth at the very top. This can serve to inflate bubbles and threaten the economy.
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Business Insider also commented on this issue, citing the problems of job creation and a "slack labour market that holds down wages and also deprives businesses of the customer base that they need to invest and grow" 37 These sources point to inequality as the cause of the disconnect between the money supply, inflation, job creation and real wages. They would also seem to support the author's hypothesis that the Keynesian notion of money demand doesn't apply when there is such a disparity in wealth creation recipients.Whilst there is room to believe that excessive money creation may lead to the hoarding of wealth by individuals, at extreme levels it may simply be impossible for so few individuals to spend such a large amount of money.
When we consider this point from a corporations point of view, it could be the case that there are not enough positive net present value projects available to invest in. The hoarding of cash may not just be on an individual basis, as described in a Wall Street Journal article which confirmed that United States companies were sitting on $1.93 trillion in cash and other liquid assets.
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In addition, the current state of the economy would seem to suggest a mix of the two previous paragraphs. The majority of new wealth is concentrated heavily among a few individuals and companies, all of whom are showing a reluctance to invest. Therefore, wealth inequality is having a profound effect on economic growth and inflation.
Money Base, Money Supply and Wealth Accrual
The next and slightly more complex objective is to analyse the ratio between the money base and the money supply. To understand the reasoning why this is important, we will remind ourselves of the scenario set out by North (2013) under the title 'Effects of Population Growth'.
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The scenario is set out supposing a country with the population of 100 million people which is growing at a rate of 1% p.a. For the sake of simplicity, we assume that the money supply and economic growth are also increasing at the same rate, and that wealth is uniformly distributed throughout the population.
The assumption regarding a set economic growth satisfies the counterargument to the more traditional quantity theory of money (i.e. that increases in money supply will have a direct impact on inflation).
The idea behind this logic is that as economic growth increases through rising production and GDP, prices will fall as marginal variable costs drop. This is true in the purest sense, however we see in markets today that prices are not so easily adaptive (sticky prices, collusion, monopolistic power).
Returning to our scenario, and including a uniform distribution of wealth with no hoarding, inflation should theoretically be 0. As the population increases in size, so too must the money base, otherwise depreciation would occur. Moreover, an increase in population would add to the GDP of a country and raise the demand for goods and services, adding an inflationary pressure. This is where the ambiguity between the monetary base and the money supply needs to be clarified, including the effect of monetary expansion on inflation. To recap, figure 18 demonstrates the interrelationship between population size, the money supply, economic growth and inflation. 
27
KIOES Opinions 3 (2014)
As a result, the money supply is greater than the monetary base by a factor of 'm' (approximately). Nevertheless this still yields several interesting conclusions:
i) The more people there are, the larger the monetary base, and therefore the larger the money supply. Assuming m > 1, the money supply is rising disproportionally faster than the increase in population, causing higher inflation than necessary. When examining the most current figures released by the Federal Exchange in America, the monetary base for 25 th December, 2013 was $3.670.209 billion 41 , compared with the money supply (M2) figure of $11000.6 billion 42 . To clarify, M2 is described in the same text as "M1 plus savings deposits, small denomination time deposits and balances in retail money market mutual funds", which displays how the money supply is almost triple that of the monetary base, even in a time when banks are severely restricting the number of loans which would normally enlarge the money supply further. 43 ii) Larger populations also are positively correlated with GDP (analysed later in this chapter), which should have a dampening effect on rate of inflation (according to the alternative theory above). However, inflation is still rising at a faster rate than population growth.
iii) Through the system of Federal Reserve government bond purchases, the monetary base is increased, which is then deposited into commercial banks and expanded via the fractal reserve system. As written in Modern Money Mechanics, a publication by the Federal Reserve, the fractal system is justified as follows:
"Of course, they (banks) do not really pay out loans from the money they receive as deposits. If they did this, no additional money would be created. What they do when they make loans is to accept promissory notes (loan contracts) in exchange for credits (money) to the borrowers' transaction accounts."
The correlation between the monetary base and population growth for the United States is proven as 0.79875, therefore as the population continues to rise, more government bonds are purchased by the Federal Reserve, adding to the existing national debt. This is a severe problem, as there is now a direct link between growing populations and the debt of their countries. As a result, the debt and inflation levels in a country are partially predetermined by the growth of the population through increases in the money supply.
iv) Now if the assumption of equally dividing the money supply throughout the population is relaxed, and we consider a wide distribution of wealth, then the problems mentioned in point 3) become far more serious. If increases in population exert a twofold inflationary pressure on prices, (firstly through the money supply and secondly through demand for goods and services) the effect will be increased stratification of the wealth in a country. Indeed, this is what we see in America today. where the top 1% of the population own 38% of the wealth and the bottom 60% own just 2.3%.
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Furthermore, the Washington Post displayed that poor individuals are becoming increasingly poorer, whilst the richest members continue to accrue the majority of created wealth.
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To certify this claim, the statistical measurement of wealth equality known as the GINI coefficient is particularly useful. It ranks between 0 and 1, which represents the range from a uniform distribution of wealth to a completely unequal one respectively. In November 2013, the Economist posted an article using this method and concluded that America is the most unequal country in the world. 47 Janet Gornick, director of a CUNY research centre on inequality in nations, mentioned that "it's not just the size of the social-policy system that matters; the way that it's structured also matters". 48 The disproportionately excessive increases in the money supply in relation to population growth is watering down the wealth of the working and middle class via inflation, benefitting only a handful of wealthy individuals at the top end and widening the wealth spectrum. 49 The link here is evident; population rises which influence levels of the monetary base (and therefore the money supply) can cause inequality to rise.
So is this increase in wealth inequality confined to just America, or is this a worldwide pandemic? Oxfam produced an analysis on a 2013 Credit Suisse Global Wealth Report, showing that the richest 85 people in the world are now worth more than the poorest 3.5 billion. In effect, less than 100 people have more wealth than half of the human population, which shows profound inequality across the world. 50 The richest individuals come from a variety of backgrounds, however the trend still applies that the more people there are, the more unequal the distribution of wealth.
GDP, Inflation and Debt Correlations to Population Growth
Now that it has been ascertained that wealth inequality is on the rise, the flaw of measuring a country's prosperity through GDP increases is apparent. Whilst GDP rises may be due to mechanisation, a workforce is still required to efficiently manage machines and raise output wherever possible. An unequal distribution of wealth could hinder GDP growth, as hoarding may prevent investment into projects which would expand the economy. Naturally, as pointed out by Ray Kurzweil in his book 'The Singularity is Near', technological progress is rising at an almost exponential manner, which gives rise to increasing levels of output. Therefore, the effects of population growth with regard to GDP should be interesting.
United States Population Growth to GDP Growth Correlation: 0.9778
For the purpose of this analysis, the website USgovernmentspending.com provided the information When making reference to economic growth, we can observe an extremely strong correlation between population figures and GDP in the United States. In the future, the author predicts a detachment from this orm, as population growth will have to submit to environmental constraints whilst productive capacity continues to rise unabated. As a result, the analysis of this particular timeline is optimal, as future technology is becoming less labour intensive and is producing goods at accelerated rates. An example of this is a modern factory, some of which are now predominantly automated with few workers. Comparing this with 50 years ago shows the profound change in the employment of our labour force, and in today's modern society the service sector (in which over 80% of the American workforce is employed) is also showing signs of obsolescence due to automation. Classic examples of this can be demonstrated through the modernisation of retail shopping, where supermarkets have automated checkout services and online shopping has undercut high street prices, forcing companies to close. The trading floors in Wall Street and national stock exchanges used to be crowded with people: now those jobs have been made obsolete by computers.
To provide a comparison, a similar examination of Germany's population-GDP correlation between 1970 and 2012 was undertaken. In this case, the correlation was 0.86, which still signifies a strong relationship. 51, 52 Nevertheless, it is important to notice that the population of Germany has decreased since the turn of the century. This would give credence to the alternative theory i.e. the emergence of a detachment between the 2 variables through mechanisation (which caused rises in GDP as well as population growth) and diminishing populations in developed countries.
United States Population Growth to Average Yearly Inflation Correlation: -0.15157
In particular, this result detaches the notion of a relationship between population growth and inflation, and even suggests a small negative correlation between the two. Nevertheless, this outcome is surprising, especially given the high correlations between population growth and the money supply/GDP. The conclusion that can be drawn here is that inflation has become more detached from changes in the money supply than previously thought. A possible rationale for this could be the increased use of money as a store of value rather than as a facilitator of transactions. Price setting may also be independent of demand and supply within an economy, explaining this low negative correlation.
If we follow the hypothesis that population growth raises both the demand and supply sides for goods and services (increasing GDP in the process), prices should theoretically be reacting to this. Instead, it can be suggested that prices are set with the view of generating a given level of revenue, and should only be altered if either targets are not achieved or if profits can be increased through further price alterations. This would explain the disconnect between the money supply and inflation correlations with population levels.
United States DebtPopulation Correlation: 0.92222
Similar to the first two correlations, we can remark that there is a significant interrelationship between population size and debt levels. The rationale behind this finding is relatively clear: all governments wish to achieve a continuous low level of inflation, which symbolises growing prosperity and production. As populations rise, the monetary base is expanded to avert an appreciation of the currency (and deflationary pressure), and disseminated and deposited into commercial banks. The procurement of the additional monetary base comes at the cost of the sale of government bonds to the Federal Exchange i.e as populations rise, so too does debt. It is a somewhat debilitating supposition that as the number of people in a country rises, debt levels also increase. Yet this does seem to be the case and is an inherent inconvenience to growing populations, especially as we can see in point i) that wealth inequality is also broadening everywhere. Whilst the United States provides the most classical and obvious case of a population to debt correlation, the UK public sector net debt also demonstrates a continual and steady rise over the past decade, which is predicted to continue at least until 2019. 53 Consequently, similar correlations are expected for the UK.
Current Account Position to Population Correlation: -0.8535
Correlating these two variables may seem slightly obscure, however the product of the statistical analysis was quite shocking. The analysis suggests a highly negative correlation between population growth and the balance of the current account, i.e. the more people there are in a country, the worse the country's current account position. The author will lay out his reasoning for this correlation and explain why the United States is a particularly good example to use.
The hypothesis was that current account positions become exacerbated with higher populations. A smaller country which requires certain non-domestic raw materials (i.e. oil, agricultural products, precious metals) will import them to satisfy the demands of its citizens. In the case of America, the imports outweigh any exports to foreign countries, and therefore a balance of payments deficit accumulates. This is one of the major problems of developed countries, as they rely on the natural resources of foreign countries, having depleted their own. So what is the difference between a smaller and larger developed country? Simply the number of resources required to perpetuate the lifestyle of the citizens. Consequently, in developed countries larger populations will result in greater balance of payments deficits. Naturally, there are some exceptions to this case, for example if a developed country were able to export specialised goods and services (United Kingdom financial services, American military equipment, Japanese computer technology or German manufacturing), this would negate the cost of imports.
The German economy provides an intriguing counterargument to the author's prediction. Germany's current account has built up a surplus system over the past decade which now amounts to 6% of its GDP. Furthermore, China has also been building up its current account surplus over the last few years despite population growth. This provides evidence that Nevertheless, Germany and China are unique cases. Germany's inclusion in the European Union and use of the Euro means that it is using an undervalued currency in relation to its strong economic growth. Inflationary pressure from countries such as Italy, Spain, Greece and Ireland have allowed Germany to take great advantage of an abnormally low exchange rate with other countries for its goods and services, giving Germany a competitive edge in international markets. If Germany still had the Deutsche Mark and still grown at such a fast rate, we would have observed a strong appreciation in its currency, which would have influenced its current account. Likewise, China has been able to exploit export led growth through two means, namely depreciated wages and a quasi-fixed currency over the last decade. Although the Yuan is starting to appreciate today, the majority of this current account surplus was accumulated with an undervalued currency, and therefore population cannot be correlated with its current account surplus. The only other viable option would be to assess the current account of the United Kingdom, who have retained the pound and have a floating currency whose value is not directly dependent upon EU countries.
The Office of National Statistics recently published its 2014 current account deficit, which equates to 5.1% of GDP (or £20.7 billion nominally). As mentioned in the Wall Street Journal, this is the widest deficit as a percentage of GDP since 1989. 54 What caused this deficit to accumulate? A decline in the demand for goods and services which the United Kingdom produces, coupled with rising prices of imported goods and raw materials, has Nevertheless, the effect of growing populations in the developed world should also be considered when discussing the nominal values of imports, especially raw materials. It is the author's prediction that as 2 nd and 3 rd world countries develop, the shortage of such raw materials will become increasingly acute, raising prices and worsening the current account of developed countries further. A growing population will only serve to fuel the demand for these finite resources.
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All of the interrelationships above provide results which can be rationalised, however they offer an insight into the role of population as an independent variable which has intrinsic and strong ties with economic parameters. The role of population size has been on the periphery of economics until now, though several population awareness groups are beginning to emerge and are expressing their desire to bring this topic to the forefront in mainstream macro economic policy. As one environmentalist put it, "is there any problem on the planet that we can think of which could be solved or improved with a greater population?" Unfortunately not.
The Necessity to Quantify Environmental Elements
The current economic paradigm involves the pursuit of growth and production to continuously improve the lives and wellbeing of citizens. This is derived from the consumption of finite raw materials to provide the 'necessity' and 'luxury' goods and services required to serve our needs and wants.
As is expected, these resources are obtained from our environment, be it through mining, drilling, use of arable land for agriculture, forestry or the consumption of energy resources. As these resources are extracted, the marginal cost to the environment increases, and we have now arrived at the stage where the majority of readily available resources are exhausted. The environmental cost of extracting new resources is therefore significant, which is depicted in figure 21 below regarding the increase in marginal cost of resource extraction.
Until recently, the only constraint of available resource extraction has been a market one, i.e. the extraction will only occur if market prices can cover the cost of obtaining the resources in the first place. Likewise with population, we see that larger populations exert higher demands, driving up the price of such materials. This is the core idea behind a direct link between population growth and environmental degradation. All measures by governments to restrict environmental damage have been through attempts to artificially raise the cost of consuming raw materials, as opposed to quantifying the actual damage caused. In the case of pollution (caused by the consumption of oil, gas and other fossil fuels), direct taxes, cap and trade markets and regulation are all designed to discourage consumption through price adjustments. Nonetheless, the long term impact to the environment once the extraction of raw materials has taken place has not been quantified. The only The cost of extraction is rising due to the extended efforts made by companies to search for and acquire new resources. In particular, oil companies spend millions of dollars on exploration, and the average cost of oil discovery has risen from $1.18 barrel to over $3 in 2010.
55 Equipment such as drilling platforms need to be set up, as well as transportation of the oil to its destination. As easily accessible oil is exhausted, companies are now having to drill to far deeper levels (and offshore) to maintain their quotas. One alternative to this is to extract shale gas from deep underground via a process known as hydraulic 55 Reuters, "Oil Exploration costs rocket as risks rise". http:// www.reuters.com/article/2010/02/11/us-oil-exploration-riskanalysis-idUSTRE61A28X20100211
"fracking". Currently, this has caused grave concerns by all environmentalist groups, including the potential poisoning of underground aquifers with methane and other harmful gases, 56 the increased likelihood of earthquakes and general harm to human health. 57 The increase in extraction costs, both financial and environmental, are depicted in the table below. It is worth mentioning that the true environmental cost is difficult to quantify, and thus may be grossly understated by today's estimates (Figure 22 ).
Fracking and the Need for Resources
Documntaries such as 'Gasland' and 'The Sky is Pink' cite many sources to corroborate the claim that environmental damage is caused by fracking. It is known that regulations in this field are particularly lenient, as oil and gas companies are exempt from the clean water act, the safe drinking water act and the clean air act. Significant damage to human and animal health has been recorded in the land nearby, which is shown to contain high levels of benzene, carbon di-sulphide, arsenic, cadmium, chromium, lead and barium. Water sheds which have been poisoned by plastics, carcinogens, neurotoxins and endocrine disrupting chemicals have also created a public health crisis in many American states. Environmental damage includes land scarring, air pollution, blowouts, accidents, truck traffic and an enormous amount of water required to support fracking operations. In fact, between 1-7 million gallons of water are needed to start drilling any well (which can be drilled in up to 18 locations each). Taking into account that 450,000 wells exist in America today, with many hundreds of thousands of new wells being proposed, a national health crisis could follow, not to mention the extremely wasteful use of water.
Damage to water aquifers occurs when the cement casing cracks, dissolves, shrinks or corrodes, allowing gases to migrate to underground water sources. The fluid used in fracking includes corrosion inhibitors, gel-ants, drilling additives and viscosifiers, many of which are still unknown due to the the fluid's status as proprietary (i.e. fracking fluid is protected from disclosure). The quote underneath, described by the Society of Petroleum Engineers study titled 'Why Oilwells Leak: Cement Behaviour and Long Term Consequences', explains gas migration to natural aquifers.
"The consequences of cement shrinkage are non trivial: in North America, there are literally tens of thousands of abandoned, inactive, or active oil and gas wells, including gas storage wells, that currently leak to the surface. Some of the gas enters shallow aquifers, where traces of sulphurous compounds can render the water non-potable, or where the methane itself can generate unpleasant effects such as gas locking of household wells, or gas entering household systems to come out when taps are turned on".
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The degree which well casings fail is of great concern today. A Slumberger oilfield review, titled 'From Mud to Cement -Building gas Wells', demonstrated that 6% of wells were affected by sustained casing pressu-58 Maurice B Dusseault, Malcolm N. Gray, Pawel A Nawrocki, "Why Oilwells Leak: Cement Behavior and Long Term Consequences", Society of Petroleum Engineers, SPE 64733.
re (SCP) upon immediate use. The consequence of SCP is surface gas leaks.
"The presence of SCP appears to be related to well age; older wells are generally more likely to experience SCP. By the time a well is 15 years old, there is a 50% probability that it will have measurable SCP in one or more of its casing annuli. However, SCP may be present in wells of any age."
When presented on a global scale, the oil well company Archers documents that 45% of the 6,650 wells in the Gulf of Mexico have 'integrity issues'. By comparison 34% of the North Sea wells in the UK (of 1600) and 18% in Norway (of 482) also experience the same issues. In such wells, there is a 40% risk of an 'uncontrolled discharge', which would theoretically cause problems similar to the Gulf of Mexico disaster.
59
In the majority of cases where wrongful acts are observed and proven, companies receive monetary fines. The real issue is that the changes made to the environment by these companies are permanent and grossly underestimated. Whole ecosystems have been wiped out as rivers become polluted, which kill off all local aquarian, avian and mammal life. In 1987, the Environmental Protection Agency (EPA) concluded in a publication that water contamination was caused by hydraulic fracking, something which is under thorough investigation today.
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Fracking is one of the many examples where environmental variables need to be quantified when analysing economic projects. This can also be related to population growth, which raises the need for raw materials and often causes environmental destruction through their extraction. The fact that these practices used today despite these warnings shows the profound need to increase the supply of energy, regardless of the long term cost to the environment.
A specific case where this notion is especially pertinent is the Keystone XL pipeline, which is currently in construction. This is a perfect example of the conflict between economic growth and environmental protection today, and how a lack of economically quantifying the environment is remarkably dangerous. On the positive side, the Keystone XL pipeline would alleviate America's dependency on oil from middle eastern countries and potentially offers 830.000 barrels of oil a day from Alberta to the gulf coast.
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The benefits to the American economy are obvious; 40.000 new jobs (according to Transcanada corporation advertisements) which could remediate high unemployment figures, access to a cheap and lasting supply of oil, and the ability to delay the implementation of costly (and potentially unproven) green technologies. All of these benefits represent the essence of short term growth, a rise in GDP and an increase in available jobs for the national workforce; at the cost of the environment. For the sake of impartiality, the issues raised by Friends of the Earth include large scale water waste (tailing ponds), deforestation, destruction of indigenous populations, emissions of toxic gases and the potential for environmental catastrophe. 62 The National Wildlife Federation also commented that "if expansion of tar sands goes unchecked, it will be impossible to reach our goals to reduce global warming pollution, seriously harming both people and wildlife".
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So why are such unpredictable and potentially dangerous projects currently being undertaken? The simple answer is to satisfy growing energy needs and to offset the dependance on a depleting global oil supply, however there is also a serious political undertone that compels governments to approve hydraulic fracking. As the majority of large natural energy sources are currently found in areas with political instability, there is a sense of urgency to find alternatives as these resources become increasingly scarce. The economies and political structures of the most developed countries are predicated upon the continual supply of raw materials from their less developed or developing neighbours, and in the event of an outbreak of war supply could be restricted. Hydraulic fracking therefore provides the avenue to energy independence and therefore political security, albeit at dizzying environmental costs. The aim of this and next generation therefore is to find a medium whereby energy independence is achieved without the destruction of the environment, though no long term answer has yet been provided. Environmental protection at all costs would stifle economies, production and technological advance, whilst a pro-energy agenda would irrevocably endanger our climate, biodiversity and wellbeing on both a health and social level.
Environmental Damage and Overpopulation
How is environmental damage in this capacity linked with overpopulation? Firstly, it is obvious to mention that with increased numbers, our demands for natural resources rise. The desire to extract and use these resources for profit in our current economic paradigm also would justify the environmental damage necessary to utilise these resources. Furthermore, the consumption of these resources are being driven by two factors; the increase in nominal population together with the desire of most developing countries to adopt consumption levels similar to the the western world. As the most easily accessible sources of energy become depleted (North Sea Gas for example), governments and energy companies are considering the extraction of raw materials in areas which were previously overlooked due to their environmental value. Nevertheless, the incessant thirst for these resources and the perpetuation of our lifestyles has created an economy where environmental beauty holds no monetary value and its destruction is a necessary evil to continue our way of life.
Inevitably, the environmental cost increases with each approved project. The Amazon, the lungs of the planet, is disappearing at a rate of 5.843 sq. km a year, with a 2013 report releasing the findings of a 28% year on year rise in deforestation. 64 This would not have been so dire if the demand for wood and the necessity for arable land wasn't so acute. In addition, the current level of carbon dioxide in the atmosphere is now 396.81 parts per million, the highest on record. 65 This level is more alarming when it is explained that humans have never lived on the planet with such high amounts of carbon dioxide, alongside ever increasing amounts of deforestation.
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Accepting that CO 2 emissions are considered harmful to the environment, together with the hypothesis that population growth intensifies demand for projects such as the Keystone XL pipeline to satisfy our demands, it is worth exploring the correlation between the amount of CO 2 in the atmosphere and population growth. Assuming these aforementioned connections to be valid and no other excessively large variables having an impact on CO 2 levels in the atmosphere, the author hypothesizes a relatively large positive correlation between these two variables. Of course this correlation must be examined on a global scale, rather than a country specific one, and therefore the result is only as reliable as the source data. Correspondingly, the United States Census Bureau was again chosen for midyear world population between 1959 and 2012.
66 CO 2 levels were obtained from the National Oceanic and Atmospheric Administration (NOAA) for the same timeline. The NOAA is one of the few sources for this data, which is extremely hard to procure, and has been made available for general public use.
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The yielded correlation between CO 2 emissions and population growth was 0.9955, a staggeringly high correlation. On the basis of the assumptions made in this paper, we can suggest that population growth is the main driver for increases in CO 2 emissions, with a high linear relationship. An additional reference which can be used to corroborate this finding is the analytical framework provided by Schleicher and Klöppl, 68 who consider the following formula to elucidate the demand for emissions: C = CO 2 Emissions Q = GDP P = Population E = Total Energy Supply C = P * (Q/P) * (E/Q) * (C/E)
The three categories in brackets were then termed 'economic activity', 'energy intensity' and carbon intensity'. It is instantly noticeable that all three of these are dictated by population once again. Economic activity and energy intensity both contain the component GDP, which as proven earlier is highly correla- ted with population. In this sense, population acts as the fuel for GDP. The supply of energy is also dictated by the number of people in the sample population, as the energy grid is built to serve the needs and wants of the population and to make a profit through normal means. This formula and its subsets, therefore, support the author's hypothesis and offer insightful avenues concerning how population growth impacts on secondary variables.
Governments and world organisations have set many goals towards the reduction in greenhouse gas emissions, including CO 2 . The 20-20-20 is an agreement by the European Union Commission to reduce greenhouse gases to 20% lower than 1990 levels by 2020, whilst the UK has its own target of reducing emissions by 80% before 2050. Unfortunately, previous emissions objectives have not been met, and without American and Chinese participation with similar goals, the overall effect will be greatly diminished.
In truth, it is extremely likely that the UK will achieve its 2050 goal, as one of the prerequisites for this is to raise the price of carbon to such an extent (up to 250 euros a tonne) that renewable energy sources are favourable.
Karl Aiginger added in May 2013 in a publications that "progress (in energy reduction and resource use) so far is however significantly at odds with the shift in the technology and growth path needed. Nowhere has borne witness to an absolute decoupling of energy or resource growth from output growth over a longer period and specifically not for growth rates compatible with low unemployment." 69 He also notes that an increased water shortage has hindered the expansion of hydro electric energy systems.
Moreover, although all nations agree that climate change is detrimental, there is a lack of consensus on the negative externalities and their social, economic and environmental costs. These disputes all point to the need for a Tobins Q style assessment, where the cost of replacing environmental damage is equated into cost projections. This idea is tied with the concept of sustainability, and to their credit western European countries have taken important steps to implement this. Nevertheless, the true environmental damage is occurring in developing countries, such as China, India and Brazil. The effects of such damage is much more global, as displayed in the August 2013 global sea surface temperature anomalies posted by the NOAA. Figure 23 demonstrates a record number of high temperature abnormalities, a clear indicator of the onset of climate changes.
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The most serious questions that can be posed are very simple: how can we justify the (sometimes permanent) damage to the environment by undertaking current economic projects? Secondly, is there any way whereby the environment can be quantified, such that governments, corporations and individuals see its improvement as an economic benefit? Socially and morally it is perfectly clear that the better the ecosystem is, the better our health becomes. Air quality, water standards, availability of land, growth of forests and the health of the oceans are very expense projects and currently provide little economic benefit. The long term benefits of an improved biodiversity provide deeper insights into biology and chemistry which would lead to increased human longevity and health. Unfortunately, preserving an area of natural beauty does not allow for the extraction of resources 71 NOAA Global Sea Surface Temperatures, http://climateimc. org/en/original-news/2013/09/21/global-sea-surface-temperatures-record-level-august-2013-says-noaa or the expansion of corporate/industrial operations, which therefore hampers economic growth.
The first question posed in the paragraph above can be easily answered by our addiction to natural resource consumption. The main individual aim today is the perpetuation or improvement of our lifestyles, which require resources to produce energy, food and luxury goods. Our society is therefore driven by these needs, and any derivation from a pattern of increased consumption is seen as a step backwards in our social development. As a result, humans adopt a 'out of sight, out of mind' approach whereby we are conscious of the environmental damage but are able to justify it as a 'necessary evil' in today's world. Secondly, environmental destruction reflects a cumulative effect on ecosystems, a proportion of which have yet to bear fruit. For example, when climate change starts to directly effect business operations to such a degree that it can be economically quantifiable, it will be too late to reverse the effects. Consequently, it is essential to forecast future environmental costs and quantify them today, a procedure which is entirely foreign to polluting corporations.
The answer to the second question posed is far more complex. In most cases, the best method would be to offer a monetary incentive to encourage environ- mental protection and monetary fines to discourage destruction. The current problem is that operations such as forestry, mineral extraction, fishing, industrial agriculture and non renewable energy consumption have now become so large and lucrative that only extreme amounts of money would discourage such environmentally damaging operations. Similarly, the fines are nowhere near as harsh as they should be. For instance, in 2012 Shell has been fined $1.5 billion by the Nigerian government for environmental degradation in a legal case which started over a decade ago. 72 When the case began, Shell simply refused to pay the fine, showing the power that oil companies have. Since the majority of raw materials are extracted in developing countries, the strength of their governments to enforce such environmental regulations comes under scrutiny. Ideally, such reckless regard for environmental law should see Shell banned from such operations, however a monetary fine will settle even permanent eco-destruction in today's legal and economic rulebook. So why did Shell allegedly cause such destruction, which included gas flaring, 1.5 million tonnes of oil spills, destruction of wetlands, summary execution of humans and crimes against humanity?
73 Because the environment was not quantifiable and economic gains provided the incentive to rationalise such actions, even to this degree.
The summary of this chapter is clear; an increasing population requires improvements in quantifying today's environmental assets. The method may still be unknown, however the dire need for reforms in the energy industry to reduce consumption of fossil fuels necessitates such action. Sustainability is the real key issue, as mentioned in the Marine Ecology Progress Series: "The excess of the worlds resources or 'overshoot' is possible because resources can be harvested faster than they can be replaced. The cumulative overshoot from the mid 1980's to 2002 resulted in an ecological debt that would require 2.5 planet earths to pay. In a business as usual scenario, our demands on planet Earth could mount to the productivity of 27 planets by 2050." 
Evaluation of Results and Conclusion
The results of this paper leave little doubt of the necessity of increased awareness when considering population growth. Indeed, many economic and environmental difficulties today are derived from the continuous expansion of our numbers without the proper understanding of maintaining a suitable and sustainable environment to draw resources from. The role of scarcity is a fundamental rule to our economy, however the degree of scarcity is controlled by population size. As a result, growth under increased scarcity can be a dangerous cocktail.
It goes without saying that there are huge barriers, both morally and legally, to curb our population size. In the United States, it is considered patriotic for citizens to fight for the preservation of their way of life, which is tied to the fulfilment of its appetites through foreign resources. Demographic changes through increases in population are encouraged by all forms of organised religion today as a means of spreading the faith. From an ethical perspective, it is considered a human right to have and raise as many children as one desires. These are all perfectly legitimate opinions, despite the changing world environment and the restrictions it may enforce. Yet the growth rate of our species is quite astounding. For example, during one of Bangladesh's recent floods, 139,000 people lost their lives, which is a real tragedy under any circumstance. The time taken in Bangladesh to increase it's population by 139,000 people was just 2 and a half weeks -so even mass scale disasters do not deter our relentless increase in numbers. 75 As a result, if human numbers are to stabilise, it will have to come from a change in our customs and reproductive decisions.
As concluded in chapter 1 of this publication, there are valid reasons to doubt the prediction of the United Nations forecast of a population slowdown. The implication of increasing proportions of the budget being allocated to social security, income security and medicare is the urgent need for reform in these areas. Indeed, as these costs continue to rise, alternative expenditures such as education will be overlooked or cut, alongside defence spending, science and research projects and veterans benefits. There is also strong evidence for a positive relationship between population growth and CO 2 emissions. Whilst these correlations are not unexpected, (indeed many are somewhat intuitive) the degree of the correlations demonstrates that population levels need to be taken far more seriously in economic and political discourse. It is the 'elephant in the room' when discussing pension crises, raw material prices, environmental management and wealth inequality. It is also the main inhibitor of climate policy objectives. Unfortunately, until now it is the author's strong belief that this is a neglected topic at a critical moment in our financial development.
The question arises why this time in our history is so much different than in the past. There are previous cases where ageing populations were substituted by the "baby boom' generation, so why can't this happen once again? The answer is somewhat sobering, "because this time the circumstances are very different". We have neither the space, nor the resources, to accommodate another baby boom generation, which would again kick the current economic problems over to the next generation. Through modern technology we are able to prolong human life, and there is no reason to suggest that longevity patterns will suddenly stagnate as technology continues to develop.
Technology itself will play a large role in the coming decades. Tony Judt explains brilliantly the onset of mechanisation, whereby machines will replace humans to do arbitrary work more efficiently. 76 Whilst increasing productivity, this will also increase the strain on unemployment levels and pose the obvious question "do we have enough jobs for all these people in the world?" As the most basic and monotonous jobs replace the more unskilled members of the workforce, what effect will this have on the long term unemployed, and more importantly the distribution of wealth in developed countries? A calculated prediction would be that wealth will become more unequal and the unemployment rate will rise, unless the need for a large number of long term and labour intensive jobs arises. So far, there is little evidence to suggest that job creation will reach the necessary levels to accommodate both the current and future work force.
In essence, although not directly observable, it is safe to surmise that the marginal utility of labour is diminishing in our economic environment i.e that if the population increased by 5%, it would have less of a positive influence on the economy than the previous 5%. This is due to the existing large number of unemployed people. It can be concluded that the benefits of population growth on the market are decreasing over time. The ramification of such unemployment (in this case the continuous rise in nominal unemployment is referred to) results in the manifestation of a welfare state, where it is increasingly difficult to obtain a job due to high demand, inflation persists (expanding the wealth gap) and the overall standard of living sequentially drops. Together with the prognosis that the increased scarcity of food, water and energy, higher percentages of real personal disposable income will be required to cover the basic costs of living. In addition, there is a deflationary pressure on wages, as people are willing to accept lower wages for the security of employment. As a consequence, we can anticipate in this economic paradigm with continual population growth a lower standard of living than in the previous generation. Admittedly, technological advances could serve to negate this effect and raise the standard of living, though real wealth is eluded. It is possible to analyse this effect by looking at historical trends between average wages and inflation, though technological innovation, implementation and effect are difficult to observe and quantify.
William Fielding Ogburn, an American statistician and sociologist, was a strong advocate in 'Tech- 76 Tony Judt, "Ill Fares the Land", 2010. 
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nological Determinism' 77 , which principally states that "technological progress is the primary engine of progress, but tempered by social responses to it." Although this may have been more apposite more than a century ago, the continual refinement of technology today is the primary engine of profit (rather than progress), but is tempered by the social adaptability of demand. For instance, it would far more beneficial to devote considerable efforts and investments into safe and renewable energy sources, including unconventional ones such as geothermal, however there is little profit in large investments to produce free energy. The lack of public awareness regarding the abundance of such energy also shows a lack of social adaptability, therefore the reliance on oil, coal and shale gas will persist.
As mentioned at the beginning of this paper, David Attenborough mentions in his documentary film that populations require water, land and energy to survive. Having already considered energy, we can also look at land and water as finite resources. Derived from this are food, water and housing prices. Consequently, unless significant strides are taken regarding laboratory grown meat, hydroponics (which are currently being researched) and desalination, prices of necessity goods will rise, and since these are becoming scarce resources, they will logically rise at an even faster rate than populations. For example, the size of Lake Chad has decreased by 95% between 1960 and 2000, the majority of which is caused by population growth. 78 Water is rapidly becoming a scarce resource and prices will adjust correspondingly. The reaction to the prognosis of future shortages has been a "land and resource grab' approach by both countries and private individuals. China has reportedly bought up to 3 million hectares of farmland in the Ukraine to support its population, 79 Figure 24 clarifies that many countries today fall under the categories of either high stress (40%-80%) or extremely high stress (80%+). 83 The previous few paragraphs have described the essence of a relationship between production, wages and purchasing power, which is displayed in figure 25 . The role of population is an independent one which applies downward pressure on wages and pushes inflation upwards.
The conclusion to this paper leaves open a great number of opportunities and future research fields. The aim of this paper is to raise awareness of population and how it should be considered an important variable when analysing current economic 84 paradigms and forecasting future ones. It highlights the pressing need for changes in our conception of growth as a product of demand, and discusses the harm which current population growth will cause. Population decline may be detrimental to economic growth in the short run, though it is far preferable to a world with 10 billion people and a great shortage of life's basic necessities.
Additionally, we are observing several areas of environmental degradation which will result in quantifiable losses to the economy in the future through the overuse of resources today. In essence we are sequestering the wealth of future generations by over-consuming today.
The use of these resources geographically has not been delved into as much as the author would have wished, but it is worth mentioning that the average United States citizen uses 32 times the number of resources as an individual in an African country 85 . Consequently, the burden of sustainability must be recognised by the developed world. As an addendum to this paper, the author wishes to emphasise that in his opinion the one child policy does not work. Forcing the reproductive choices of individuals is ethically just as deplorable as denying women education, which both enforce subservience of their reproductive decisions to their husbands. Instead, education in both the developing and developed world is required, such that people are aware of their choice to propagate on a macro scale. At the end of the day, we cannot keep growing ad infinitum. 86 The final quote below originated from the United Nations world monitoring report in 2001. Although it demonstrates that we are well aware of the environmental impact we create, which is a step in the right direction, the information in the paper suggests our attempts to find a balance between economic growth and a sustainable environment have been unsuccessful. Perhaps if population growth and its influence of raw material demand were taken in account, policy to minimise or reverse some of the degradation could be more effective.
"Many of the environmental issues of greatest concern today involve resources that are to a greater or lesser degree "common property resources". Economic theory predicts, and much experimental evidence demonstrates, that unhindered access to such resources eds to overuse, misuse, and quality degradation. in the absence of effective social mechanisms to limit and ameliorate the tendency for common property resources to be overused and degraded, population growth will tend to exacerbate such problems." 87
